Abstract The purpose of this
Introduction
Orthokeratinized odontogenic cyst (OOC), also called orthokeratinized variant of odontogenic keratocyst (OKC), was first described by Wright in 1981 [1] . OOC shows a different clinical behavior from OKC and most authors have concluded that it is not associated with nevoid basal cell carcinoma syndrome (NBCCS) [1] [2] [3] [4] , in which multiple OKCs are one of the major features [5] . However, all the OOC cases reported to date were sporadic cases and each patient had a single OOC. To the best of our knowledge, this is the first case report of a patient with multiple OOCs. Of further note is the fact that loss of heterozygosity of the PTCH gene, the gene that was found to be mutated in 60-75 % of NBCCS patients [6] , was recently found in both sporadic OKC cases and sporadic OOC cases [7] . This knowledge naturally gives rise to a strong interest in whether a patient with multiple OOCs might also be a NBCCS patient. Here we present the clinical, radiographical and molecular findings of this multiple OOCs case in which the patient showed no evidence of having NBCCS.
Case Report
A 23-year-old Hispanic male with a chief complaint of swelling and discomfort in the posterior mandible came to the Oral Surgery clinic. His medical history was significant for multiple skin cysts removed since childhood. The patient was born in a foreign country. Despite multiple efforts trying to obtain more detailed information about these skin lesions, the diagnoses of these cysts were not known. He did not have any symptoms of medulloblastoma in the brain or lymphomesenteric cysts in the abdominal cavity.
There was no visible abnormality, such as cleft lip, macrocephaly, hypertelorism, strabismus or coloboma found in the head and neck, although some nevi and small papular lesions were seen in the skin of his face and in his body. There was no palmar pitting, short fourth metacarpal, or postaxial polydactyly in his hands. Intra-oral exam revealed no cleft palate and the third molars were not visible.
A panoramic radiograph taken by the referring general dentist showed four well-defined unilocular radiolucent lesions associated with the third molars in all four quadrants: around the apex of #1, around the crown of impacted #16, distally and superiorly to #17 and distally to impacted #32. (Fig. 1a) . A computed tomography (CT) was subsequently taken. The coronal reformatted CT images revealed a cystic lesion superiorly associated with the unerupted #1 with a displaced sinus floor in the right maxilla;
and a large cystic lesion encompassing the un-erupted #16 in the left maxillary sinus with perforation of the floor of left maxillary sinus (Fig. 1b) . The other section of coronal CT images showed a cystic lesion associated with the unerupted #32 at the buccal surface, with thinning of the buccal cortex, and perforation of the superior border in the right mandible (Fig. 1c) . A large cystic lesion with expansion and thinning of buccal and lingual cortices was also seen in the left mandibular ramus (Fig. 1c) . No calcification was found in the falx cerebri. The clinical diagnosis was multiple OKCs.
Biopsies were performed for all four lesions and they all showed similar histological features: a cyst with a thin, Fig. 1 Panoramic radiograph showed four well-defined unilocular radiolucent lesions associated with the third molars in all four quadrants: around apex of #1, around the crown of impacted #16, distally and superiorly to impacted #17 and distally to impacted #32, respectively (a). A coronal reformatted CT image revealed a cystic lesion superiorly to #1 with displaced sinus floor in the right maxilla; and a large cystic lesion encompassing the un-erupted #16 in the left maxillary sinus with osseous discontinuity of the left maxillary sinus floor (b). Another coronal CT image showed a cystic lesion associated with the un-erupted #32 at the buccal surface, with thinning of the buccal cortex, and perforation of the superior border in the right mandible; and a large cystic lesion with expansion and thinning of buccal and lingual cortices in the left mandibular ramus (c) uniform lining of squamous epithelium, with a granular cell layer and orthokeratin formation (Fig. 2a, b) . The diagnoses were OOCs for all four lesions.
The patient was willing to have further genetic testing, and his peripheral blood sample was obtained and sent to a diagnostic laboratory, GeneDx, in Gaithersburg, MD, for PTCH1 gene analysis. The analysis included a bi-directional sequencing analysis of exons 1-23 and the splice sites of the PTCH1 gene, as well as a targeted array CGH analysis with exon-level resolution for evaluating a deletion or duplication of one or more exons of PTCH1 gene. The sensitivity of this combination of sequencing and deletion testing was approximately 72 % for identifying a mutation in a patient with NBCCS (information provided by GeneDx with references). The genetic analysis showed negative results for both sequencing and deletion testing of PTCH1.
The two cysts in the maxilla and the right mandible were treated with complete curettage and the larger cyst in the left mandible was marsupialized followed by curettage with application of Carnoy's solution. No recurrence of any of the cysts was found during a follow-up period of 14 months.
Discussion
OOC is an odontogenic developmental cyst characterized histologically by a cyst lined by squamous epithelium showing orthokeratin formation [5] . It occurs in the jaw bones and about 1/2 to 2/3 of the cases have been reported to be associated with an impacted tooth [3, 8] , or have presented clinically as dentigerous cysts [5] . Sporadic OOC has been recently reported to be associated with two supernumerary teeth [9] . To the best of our knowledge, the presenting case is the first case of multiple OOCs occurring in the same individual, and each of the four OOCs was associated with the impacted 3rd molar in each quadrant.
Although OOC was originally reported as ''orthokeratinized variant of odontogenic keratocyst'' [1] , differences have been found in clinical behavior, histological features and protein expression from those seen in OKC. Clinically, OOC rarely recurs after a treatment of enucleation with currettage, in contrast to a recurrence rate of approximately 30 % found in OKC [5] . Histologically, OOC shows stratified squamous epithelium with orthokeratin production and keratohyaline granules in the superficial layer adjacent to orthokeratin [5] . Prominent palisaded and hyperchromatic nuclei in the basal cell layer are not seen in OOC. Many studies have also found different histochemical and immunohistochemical features in OOC from OKC, including significant differences in keratin profiles in the cyst lining epithelium [10] , in collagen fibers, fibronectin, or numbers of myofibroblasts in the cyst wall [11] [12] [13] [14] , in expression of podoplanin [15] , Ki-67, p63 [3] , TGF-a, P53 [16] , bcl-2 [17] , KAI-1 [18] , cell proliferating marker IPO-38 [19] , calretinin [20] , EMA, CEA, and involucrin [21] . These findings lead to the current concept that OOC is a different pathological entity from OKC.
NBCCS (Gorlin syndrome) is an autosomal-dominantly inherited syndrome characterized by several major clinical features including multiple basal cell carcinomas (BCCs), multiple OKCs, palmar or plantar pitting, and intracranial calcification [5, 6] . The causative mutations have been found to be in the sonic hedgehog pathway, including PTCH1 [22, 23] , PTCH2 [24] , and SUFU [25] , with PTCH1 mutation being found in 60-75 % of NBCCS patients [6, 26] . Although it is a genetic disease, about 35-50 % of affected patients represent new mutations [5] . As loss of heterozygosity of the PTCH gene has also been found in the tissue of both sporadic OKC cases (5/7 = 71 %) and sporadic OOC cases (4/7 = 57 %) [7] , Fig. 2 Histologically, all four lesions showed a cyst with a thin, uniform lining of squamous epithelium (a, H&E stain, original magnification 928). Orthokeratin formation and a granular cell layer were noted in the cyst lining epithelium (b, H&E stain, original magnification 9140)
we investigated the possibility that this patient might also have NBCCS. We compared the clinical features of this case with the recently published diagnostic criteria for NBCCS, proposed by the First International Colloquium on NBCCS in 2011 [6] , as listed in Table 1 . In this set of diagnostic criteria, the clinical and molecular findings are categorized into major and minor criteria, and a diagnosis of NBCCS should be considered if the patient shows: (1) one major criteria and molecular confirmation; (2) two major criteria; or (3) one major and two minor criteria [6] . Based on the available clinical information, this patient does not have any clinical features that fit any of the major or minor criteria. Although epidermal cysts of the skin are found 50 % or greater frequency in NBCCS [27] , the pathological diagnosis of the multiple skin cysts removed from this patient in childhood unfortunately could not be established. The OOCs found in this patient are believed to be a different pathological entity from OKC based on clinical behavior and histological, histochemical, and immunohistochemical findings (see above), despite the fact that the genetic abnormality in PTCH gene has also been found in OOC [7] . The commercially available genetic test for Gorlin syndrome tested only the abnormalities occurring in PTCH1 which accounts for 72 % of the NBCCS patients (information provided by GeneDx). Therefore, whether this patient may have mutations in PTCH2, SUFU or other unidentified genes that may be related to NBCCS is still unknown. Although the genetic finding cannot completely exclude the possibility of NBCCS, the currently available clinical, pathological and genetic data shows no evidence suggesting that our patient has NBCCS.
In summary, we report the first case of multiple OOCs in a 23-year-old man, with the clinical, radiographic, histological and molecular findings. Based on these findings and the diagnostic criteria proposed by the First International Colloquium on NBCCS, this patient does not have NBCCS. The findings of this case report support the findings from previous case series regarding sporadic OOC cases [1] [2] [3] [4] that OOC does not appear to be associated with NBCCS. 
